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(54) Window contamination detector 

(57) A contamination detection apparatus (10) is 
provided for measuring an amount of contamination on 
an optically transmitting element (14) or pane. The opti- 
cally transmitting element (1 4) is capable of transmitting 
electromagnetic radiation. The contamination detection 
apparatus (10) includes a contamination detection (CD) 
radiation source (18) for providing a source intensity 
(26) of radiation. The source intensity (26) or radiation 
passes (28,30) through the optically transmitting ele- 
ment (14) at least one time. A reference detector (38) is 
also provided for detecting the source intensity (26) of 
radiation, and the reference detector (38) has a refer- 
ence output level that is representative of the source 
intensity (26). 

A measurement detector (36) is further provided for 
detecting a final pass intensity (30) of the radiation pro- 
vided by the CD radiation source (18) after the radiation 
provided by the CD radiation source (18) has passed 
through the optically transmitting element (4). The 
measurement detector (36) has a measurement output 
level that is representative of the final pass intensity 
(30). A comparator is also provided for comparing the 
measurement output level with reference output level in 
order to detect the amount of contamination on the opti- 
cally transmitting element (14). The comparator can 
take several forms, such as a microprocessor or other 
processing device. In one specific embodiment of the 
present invention, the measurement detector (36) is a 
target detector (27) for detecting the electromagnetic 
radiation from a target (11) within an electromagnetic 



radiation measuring device (16). The electromagnetic 
radiation measuring device (16) measures the intensity 
of electromagnetic radiation from the target (11), and 
the optically transmitting element (14) transmits the 
electromagnetic radiation from the target (1 1) to the tar- 
get detector (27). 

A sensitivity correction apparatus (70) is also pro- 
vided for the electromagnetic radiation measuring 
device (16), and the artificial radiation source creates a 
path of radiation having a varying intensity, wherein the 
viewing pane permits radiation from the path of radia- 
tion to pass therethrough. The sensitivity correction 
apparatus (70) includes a correction mask (76) having a 
plurality of strip spaces and a plurality of transmittance 
strips (80). Each of the strips reduce the intensity of the 
beam when the beam passes therethrough, and the 
strips are placed in the strip spaces according to the 
distance between the radiation source and each strip 
space to reduce the intensity of the beam for that strip 
when the beam passes through the strips within the 
mask. 
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Description 

Technical Field 

[0001] The present invention relates generally to a 
method and apparatus for detecting contamination on 
the surface of an optically transmitting element (a win- 
dow pane, a lens, a pane of translucent material, or a 
pane of transparent material). More particularly, the 
present invention relates to a method and apparatus for 
detecting the amount of contamination that exists on a 
optically transmitting pane used within an electromag- 
netic radiation measuring device, such as a pyrometer, 
or other device. 

Background of the Invention 

[0002] For optical measuring devices whose outputs 
are based on the absolute quantity of radiation (ultravi- 
olet, visible, or infrared) collected by the instrument, 
contamination of the optics by dirt, mist, dust, or other 
contaminant can reduce the amount of light detected by 
the instrument, resulting in measurement error. One 
example is an infrared thermometer that measures the 
radiation within a narrow wavelength band coming from 
a heated material (target) in order to determine the tem- 
perature of the material. When the thermometer's optics 
become contaminated, the thermometer will errone- 
ously indicate that the material being measured has 
cooled off. Even for instruments whose output is not 
determined by absolute collected radiation (multi-wave- 
length thermometers, polarimeters, etc.), contamination 
of the optical path can reduce the dynamic range and 
otherwise adversely influence the performance of the 
instrument. 

[0003] Before knowing that corrective action should be 
taken, i.e., cleaning the optical surfaces, contaminants 
must be detected. One such detection apparatus is dis- 
closed in U.S. Patent No. 3,952.196 to Larsen, and 
assigned to Detector Electronics Corporation of Minne- 
apolis, Minnesota. This reference discloses a device for 
determining that the optical surfaces, through which 
radiation must travel from a hazardous area of radiation 
to a radiation detector, are free from radiation absorbing 
material or contamination. The apparatus disclosed in 
this reference includes an ultraviolet source S, an ultra- 
violet detector D, a lens 18, and a reflective member 20. 
The reflective member 20 extends entirely across the 
lens 18. The source S is energized, and if the various 
surfaces permit outward transmission of radiation from 
the source S, this radiation will be directed back upon 
striking of a reflective surface, to the detector D. How- 
ever, the reflective member 20 being extended across 
the lens 18 interferes with radiation passing into lens 18 
from the exterior of the overall apparatus. In addition, 
this device does not monitor source S, and therefore will 
not be sensitive. For example, if the source S changes 
in intensity, because no monitoring of the source is per- 



formed, the change in intensity will be detected inaccu- 
rately as a change in contamination. Other problems 
arise from not monitoring the source S. In addition, this 
device does not cover a large fraction of the lens 18. 

5 Therefore, contamination may exist on the lens 18, but 
may not be detected due to the small area of coverage 
of the lens 18. Furthermore, this device does not con- 
currently measure the whether contamination exists on 
the lens 18 at the same time as radiation is being rneas- 

/o uredfrom a target. 

[0004] Another detection apparatus is disclosed in UK 
Patent Application GB 2175686A, filed by Graviner of 
the United Kingdom. This reference discloses a fire or 
explosion detection arrangement. The arrangement 

15 includes a housing having first and second adjacent 
radiation-transmitting windows, a radiation sensor 
mounted within the housing for receiving radiation 
through the first window, a source of testing radiation 
mounted externally of the housing and energizable to 

20 generate testing radiation, capable of passing through 
the second radiation transmitting window, but not 
through the first window, means for directing the radia- 
tion passing through the second window to the radiation 
sensor, and means for determining whether the level of 

25 obscuration of the second window lies above or below a 
predetermined level. However, as stated in this refer- 
ence, the arrangement will only be effective as a test of 
the cleanliness of the window assembly 10 (first win- 
dow) if it can be assumed that the state of cleanliness of 

30 the window 22 (second window) is a sufficient measure 
of the state of cleanliness of the window assembly 1 0. In 
addition, this device does not monitor the source, and 
therefore will not be sensitive. For example, if the source 
changes in intensity, because no monitoring of the 

35 source is performed, the change in intensity will be 
detected inaccurately as a change in contamination. 
Other problems arise from not monitoring the source. In 
addition, this device does not cover a large fraction of 
either window. Therefore, contamination may exist on 

40 the windows, but may not be detected due to the small 
area of coverage of only one of the windows. Further- 
more, this device does not concurrently measure 
whether contamination exists on the windows at the 
same time as radiation is being measured from a target. 

45 [0005] One additional detection apparatus is dis-. 
closed in U.S. Patent No. 4.547,673 to Larsen et al., and 
assigned to Detector Electronics Corporation of Minne- 
apolis, Minnesota. This reference discloses an appara- 
tus for detecting flame or smoke. The apparatus 

so includes a radiation detection tube used for window con- 
tamination detection within a housing having a window, 
a first internal radiation source used for window contam- 
ination detection which emits light over an optical path 
through the window and which light is reflected by a sur- 

55 face outside the housing but adjacent the window. A 
second radiation source used for smoke detection is 
included within the housing, but emits light over an opti- 
cal path external to the housing. A reflective surface is 
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positioned external to the housing and in front of the 
housing window so as to reflect light from the second 
radiation source back through the window and into the 
radiation detection tube. Specifically, light source 34a 
passes outwardly through the window, reflects against a 
mirrored surface 28b back toward window 14, and 
passes through window 14 into the inner volume of the 
housing to impinge upon a radiation detector 30. The 
radiation tube may also receive light from the first inter- 
nal radiation source which may be used as a calibration 
base for the other internal light source of light as well as 
a self-checking feature for the cleanliness of the optical 
elements. However, since the radiation source is not 
directly monitored, a change in the intensity of the radi- 
ation source will be detected as a change in contamina- 
tion, when there is no actual change in contamination. 
Furthermore, since the radiation source is not directly 
monitored, a change in the intensity of the radiation 
source will be detected as a change in the contamina- 
tion, when there is no actual change in contamination. 
This reference also discloses that circuits may be 
devised for comparing the respective signals received 
by radiation detector 30 from light transmitted from light 
source 34 by way of comparison with light transmitted 
from light source 21. In this manner, light source 34 is 
used as a base signal or point of comparison for meas- 
uring the relative degradation of the light signals 
received from light source 21 , which degradation would 
principally be caused by smoke obscuring the light 
transmission path from light source 21. However, the 
degradation could be due to light source 34, changing in 
intensity while light source 21 is unchanged. Therefore, 
it would not be correct to use light source 34 as a base 
signal for light source 21 because of the natural 
changes in the intensity of the light source 34 due to 
time and temperature. 

[0006] The 4,547,673 patent also discloses that in the 
event the outer surface of window 14 becomes contam- 
inated with dirt, vapors, or other opaque materials, radi- 
ation detector 10 will cease to function effectively. The 40 
contamination also affects the relative efficiency of 
transmission of light from both light sources 21 and 34, 
and may be detected by noting a reduction in signal 
strength received by radiation detector 30 from these 
sources. Similarly, if any of the mirrored surfaces 45 
become contaminated by dirt, dust or other materials, 
this contamination may be monitored by means of mon- 
itoring the signal strength received from radiation detec- 
tor 30. A significant reduction in any or ail of the signals 
received by radiation detector 30 may be utilized as a so 
maintenance warning to be generated by the electrical 
circuits connected thereto. However, this method does 
not distinguish between light source 34 changing and 
the window contamination changing because light 
source 34 is not directly monitored. Furthermore, the ss 
use of two internal light sources increases manufactur- 
ing costs for the finished product of the 4,547,673 pat- 
ent. In addition, by using an external mirrored/reflective 



ENSOOCID: <EP 0903S72A2J_> 



503 572 A2 4 

surface in the arrangement disclosed in this reference, 
any contamination or other material which ends up on 
the mirrored/reflective surface cannot easily be cleaned. 
Furthermore, this reference does not disclose that any 
5 minimum region of the window is covered for contami- 
nation detection, nor is there any sensitivity equalization 
mentioned. In addition, this reference does not address 
the problems caused by background radiation. Also, this 
reference does not disclose any particular sensitivity, 
w except for a threshold of a "significant" reduction in any 
or all of the signals received by radiation detector 30. 

[0007] The present invention is provided to solve 
these and other problems. 

'5 Summary of the Invention 

[0008] The present invention is a contamination 
detection apparatus for precisely measuring an amount 
of contamination on an optically transmitting element or 
20 pane. The optically transmitting element is capable of 
transmitting electromagnetic radiation. The contamina- 
tion detection apparatus includes a contamination 
detection (CD) radiation source for providing a source 
intensity of radiation. The source intensity or radiation 
25 passes through the optically transmitting element at 
least one time. A reference detector is also provided for 
directly detecting the source intensity of radiation, and 
the reference detector has a reference output level that 
is representative of the source intensity. 
[0009] A measurement detector is further provided for 
detecting a final pass intensity of the radiation provided 
by the CD radiation source after the radiation provided 
by the CD radiation source has passed through the opti- 
cally transmitting element. The measurement detector 
has a measurement output level that is representative of 
the final pass intensity. A comparator is also provided 
for comparing the measurement output level with the 
reference output level in order to detect the amount of 
contamination on the optically transmitting element. The 
comparator can take several forms, such as a micro- 
processor or other processing device. 
[0010] In one specific embodiment of the present 
invention, the measurement detector is a target detector 
for detecting the electromagnetic radiation from a tar- 
get, within an electromagnetic radiation measuring 
device. The electromagnetic radiation measuring device 
measures the intensity of electromagnetic radiation 
from the target, and the optically transmitting element 
transmits the electromagnetic radiation from the target 
to the target detector. 

[001 1 ] A further embodiment of the present invention 
is also a contamination detection apparatus for an elec- 
tromagnetic radiation measuring device. A target detec- 
tor is provided for detecting the electromagnetic 
radiation from the target, and the target detector has a 
target output level that is representative of the intensity 
of the electromagnetic radiation from the target. The 
contamination detection apparatus therein includes a 
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contamination detection (CD) radiation source for pro- 
viding a source intensity of radiation which passes 
through the optically transmitting element. A measure- 
ment detector is also provided for detecting a final pass 
intensity of the radiation provided by the CD radiation 5 
source after the radiation provided by the CD radiation 
source has passed through the optically transmitting 
element. The measurement detector has a measure- 
ment output level that is representative of the final pass 
intensity A baffle is provided for preventing radiation 70 
provided by the CD radiation source from affecting the 
target detector. A comparator (microprocessor or other 
computing apparatus) is further provided for comparing 
the measurement output level with a reference level that 
represents the amount of radiation from the contamina- 75 
tion detection (CD) radiation source, in order to deter- 
mine an amount of contamination on the optically 
transmitting element. The contamination detection 
apparatus is capable of operating simultaneously with 
the measurement of the intensity of the electromagnetic 20 
radiation from the target. 

[0012] In a further embodiment of the present inven- 
tion, a contamination detection apparatus is provided for 
an electromagnetic radiation measuring device. Again, 
the electromagnetic radiation measuring device meas- 25 
ures an intensity of electromagnetic radiation from a tar- 
get and has an optically transmitting element for 
transmitting the electromagnetic radiation from the tar- 
get. The contamination detection apparatus has a con- 
tamination detection (CD) radiation source for providing 30 
a source intensity of radiation passing through the opti- 
cally transmitting element. A modulator is provided for 
modulating the CD radiation source in order to discrimi- 
nate between the radiation from the target and the radi- 
ation from the CD radiation source. A measurement 35 
detector is provided for detecting a final pass intensity of 
the radiation provided by the CD radiation source after 
the radiation provided by the CD radiation source has 
passed through the optically transmitting element. 
Again, the measurement detector has a measurement 40 
output level that is representative of the final pass inten- 
sity. A filter is also provided and operates in conjunction 
with the modulator, for discriminating between the radi- 
ation from the target and the radiation from the CD radi- 
ation source. As in the previous embodiments, a 45 
comparator is provided for comparing the measurement 
output level with a reference level that represents the 
amount of radiation from the contamination detection 
(CD) radiation source, in order to determine the amount 
of contamination on the optically transmitting element, so 
Again, the contamination detection apparatus is capa- 
ble of operating simultaneously with measurement of 
the intensity of the electromagnetic radiation from the 
target. 

[0013] Several other features of the above embodi- 55 
ments of the present invention can be summarized as 
follows. The reference output level mentioned above is 
used to create an operational threshold level which is 
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correspondingly adjusted in response to changes in the 
reference output level. In addition, the operational 
threshold level is used to determine whether the amount 
of contamination on the optically transmitting element is 
acceptable. Further, comparing the measurement out- 
put level with the reference output level, described 
above, can include dividing the measurement output 
level by the reference output level in order to detect the 
amount of contamination on the optically transmitting 
element. Alternatively, comparing the measurement 
output level with the reference output level can include 
dividing the reference output level by the measurement 
output level in order to detect the amount of contamina- 
tion on the optically transmitting element. 
[0014] A radiation controller can further be provided 
for controlling the radiation provided by the CD radiation 
source in response to the reference output level in order 
to maintain the reference output level at a substantially 
constant level. In addition, a focusing element can be 
provided that is capable of focusing radiation, wherein 
the CD radiation source provides a wide beam of radia- 
tion, and wherein the focusing element focuses the radi- 
ation to a small spot on the measurement detector in 
order to detect contamination across substantially the 
entire optically transmitting element. A sensitivity cor- 
rection mask can also be provided adjacent to the opti- 
cally transmitting element for improving uniformity of 
detection sensitivity across the optically transmitting 
element by correcting non-uniformity of the radiation 
passing through the optically transmitting element. Fur- 
ther, a target detector filter can be provided for filtering 
out portions of the radiation provided by the CD radia- 
tion source where the target detector is responsive to 
radiation, and for causing the target detector to be non- 
responsive to the radiation provided by the CD radiation 
source, in order to reduce the effect of the radiation pro- 
vided by the CD radiation source on the detection of 
radiation from the target by the target detector. 
[0015] Additional features and advantages of the 
present invention include the following: 
[0016] The present invention can detect a change in 
transmission of light through the pane of less than 1 per- 
cent. 

[0017] The pane used for the temperature measure- 
ment in at least one embodiment above is also the pane 
used for the testing of contamination. This provides for 
improved accuracy of contamination detection. 
[0018] A large fraction of the pane is tested for con- 
tamination. 

[0019] The testing of contamination on the pane is 
concurrent with the thermometer measurement of the 
target. 

[0020] Any variation of the internal light source is 
accounted for by the reference detector. 
[0021] The pane can be easily cleaned. 
[0022] The present invention is not affected by ambi- 
ent light or radiation from the target. 
[0023] Other advantages and aspects of the present 
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invention will become apparent upon reading the follow- 
ing description of the drawings and detailed description 
of the invention. 

Brief Description of the Drawing s 5 
[0024] 

Figure 1 is a side view of an electromagnetic radia- 
tion measuring device and an object to be meas- 10 
ured. 

Figure 2 is a side view of an electromagnetic radia- 
tion measuring device and an object to be meas- 
ured, while depicting possible environmental 
impediments to operation. ?5 
Figure 3 is a cut-away partial side view of the elec- 
tromagnetic energy measuring device of Figure 1, 
depicting the contamination detection apparatus of 
the present invention. 

Figure 4 is a cut-away partial side view of an alter- 20 
native embodiment of the contamination detection 
apparatus of Figure 3. 

Figure 5 is a diagram of the embodiment of the con- 
tamination detection apparatus from Figure 4. 
Figure 6 is a diagram of an alternative embodiment 25 
of the contamination detection apparatus from Fig- 
ure 4. 

Figure 7 is a diagram of a further alternative 
embodiment of the contamination detection appa- 
ratus from Figure 4. 30 
Figure 8 is a diagram of the present invention 
depicting one reflector embodiment of the present 
invention. 

Figure 9 is a diagram of the present invention 
depicting an alternative reflector with a holographic 35 
optical element embodiment of the embodiment 
from Figure 8. 

Figure 10 is a diagram of the present invention 
depicting an additional alternative reflector embodi- 
ment of the embodiment from Figure 8. 40 
Figure 1 1 is a graph of the source intensity of radi- 
ation as a function of time. 

Figure 1 2 is a graph of a sensitivity profile of a sen- 
sitivity correction apparatus of the present inven- 
tion. 45 

Figure 13 is a diagram of a correction mask depict- 
ing electromagnetic radiation passing therethrough. 



Detailed Description 

[0025] While this invention is susceptible of embodi- 
ment in many different forms, there is shown in the 
drawings and will herein be described in detail a pre- 
ferred embodiment of the invention with the understand- 
ing that the present disclosure is to be considered as an 
exemplification of the principles of the invention and is 
not intended to limit the broad aspect of the invention to 
the embodiments illustrated. 
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[0026] For optical measuring devices whose outputs 
are based on the absolute quantity of electromagnetic 
radiation collected by the instrument, contamination of 
the optics by dirt, mist, dust, or other contaminants can 
reduce the amount of light detected by the instrument, 
resulting in measurement error. One example is an 
infrared thermometer that measures the radiation within 
a narrow wavelength band coming from a heated mate- 
rial in order to determine the temperature of the mate- 
rial. When the thermometer's optics become 
contaminated, the thermometer will erroneously indi- 
cate that the material has cooled off. Even for instru- 
ments whose output is not determined by absolute 
collected radiation (multi-wavelength thermometers, 
polarimeters, etc.), .contamination of the optical path 
can reduce the dynamic range and otherwise adversely 
influence the performance of the instrument. 
[0027] Before knowing that any corrective action 
should be taken, i.e., cleaning the optical surfaces, con- 
taminants must be detected. This detection preferably 
should take place before the instrument's output is 
severely affected by the contamination. The system 
described herein is intended to provide such an indica- 
tion to an infrared thermometer and other instruments, 
whose exposed optical element is an optically transmit- 
ting element 14 such as, for example, a planar window 
pane 14. Thus, with reference to the Figures, the 
present invention is a contamination detection appara- 
tus 10 for detecting contamination on an outer optical 
surface 12 of the pane 14. The Figures depict the 
present invention within an electromagnetic radiation 
measuring device 16. One specific example of an elec- 
tromagnetic radiation measuring device is the invention 
disclosed in U.S. patent application Serial No. 
08/406,324, to Ignatowicz et al., and assigned to Ircon, 
Inc. of Niies, IL. This disclosure is hereby incorporated 
herein by reference. 

[0028] Figure 1 of the present invention shows the 
electromagnetic radiation measuring device 16 directed 
at a target 1 1 to detect the electromagnetic radiation 
from the target 11 under ideal conditions. However, this 
Figure does not capture the true environment in which 
this type of device is used. Therefore, Figure 2 shows 
the various environmental elements in which the radia- 
tion measuring device 16 is typically used. Specifically, 
between the measuring device 16 and the target 11 is 
shown (from left to right) flames, particles and gases, 
steam, smoke, and solid obstructions. Within this type 
of environment, contaminants will tend to land or come 
into contact with the machinery and instruments used 
within the environment. As mentioned above, these 
contaminants can significantly affect the operation and 
accuracy of the measurements and. thus, the outputs 
from the device 16, when the contaminants land on the 
outer optical surface 12 of the pane 14. Thus, detection 
of the contaminants is significant, for signaling that the 
outer optical surface 12 should be cleaned in order to 
achieve acceptable output readings from the device 16, 
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and in order to correct the output readings in response 
to the amount of contamination on the outer optical sur- 
face 12, as will be explained in greater detail below, 
according to the principles of the present invention. 

[0029] The radiation measuring device 16 shown in s 
Figures 1 and 2 is capable of generating a signal repre- 
sentative of the radiation, and the pane 14 therein per- 
mits radiation to pass therethrough. However, the 
present invention can be used in conjunction with other 
devices, and is not limited to use in conjunction with 10 
only radiation measuring devices, such as the invention 
disclosed in U.S. patent application Serial No. 
08/406,324. The present invention achieves this 
through the stand-alone nature of the contamination 
detection apparatus 10, which will also be explained in is 
greater detail below. The present invention is capable of 
detecting contaminants with a very high sensitivity, and 
in particular, a decrease in window or viewing pane 
transmittance of less than 1% can be detected. 
[0030] As shown in Figure 3, in one embodiment of 20 
present invention, the contamination detection appara- 
tus 10 includes an internal radiation source 18 (or con- 
tamination detection (CD) radiation source 18) 
positioned within the interior of the measuring device. 
Preferably, the internal radiation source 18 should illu- 25 
minate the entire pane 1 4 from outside of the optical 
instrument on the outer optical surface 12. However, in 
the embodiment in Figures 3, 4, and 5, the internal radi- 
ation source 18 covers more than 80% of the usable 
pane 14 area. Specifically, the measuring device 16 30 
includes a housing 20 which has a recessed interior 22 
that is not in the path of the radiation from target 1 1 to a 
target detector 27, and an unrecessed interior 23. The 
contaminants cannot reach the interior 22 of the hous- 
ing 20. An exterior 24 also exists in relation to the hous- 35 
ing 20, which is the area that the contaminants can 
reach. 

[0031 ] The internal radiation source 18 generates and 
provides a source intensity 26 of radiation. The source 
intensity of radiation 26 passes from an exterior 24 of 40 
the pane 1 4 through the pane 1 4 to the unrecessed inte- 
rior 23 of the pane 14, thereby creating a first pass 
intensity 28 of radiation. A focusing element 32, such as 
a reflector 32 or collecting optic 32 having a reflective 
surface, is positioned within the recessed interior 22 of 45 
the measuring device 16. The focusing element 32 
accepts or collects the first pass intensity 28 or light 
generated by the internal radiation source 18, and 
reflects the first pass intensity 28 of radiation from the 
unrecessed interior 23 of the pane 14 (clean side of the so 
pane 1 4), and is refocused back through the pane 14 to 
the exterior of the viewing pane 24, thereby creating a 
second pass intensity 30 of radiation providing twice the 
sensitivity of a single pass system. The focusing ele- 
ment 32 depicted in Figures 3 and 4 is a spherical first- 55 
surface mirror. Figures 8, 9, and 10 suggest other pos- 
sible elements for the collection and steering function. 
In particular, Figure 8 shows an auto-collimator system 
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which places a lens 35a one focal length away from the 
internal radiation source 18 such that radiation or light 
leaving the lens 35a is collimated. A flat mirror 35b 
placed anywhere beyond the collimating lens 35a 
reflects the collimated radiation back through the lens 
35a, which re-focuses the radiation to a measurement 
detector 36, as will be explained further below. Figure 9 
shows a holographic optical element (HOE) 35c, which 
can also be used as the focusing element 32, in con- 
junction with the internal radiation source 18 that has a 
sufficiently narrow wavelength spectrum. This arrange- 
ment offers, at least, the advantages of being able to ori- 
ent the HOE element 35c parallel with the optical axis of 
the pane 14, and of low-cost replication fabrication. 
Although a reflective HOE 35c is shown, one could also 
use a transmission HOE in conjunction with aflat mirror 
in an auto-collimator arrangement. One additional pos- 
sible embodiment is shown in Figure 10. This embodi- 
ment includes a retrorefiecting element or retroreflector 
35d, which could be used for a probing beam that is 
nearly collimated and doesn't require focusing. 

[0032] As briefly mentioned above, a measurement 
detector 36 is provided within the present invention and 
is positioned within the recessed interior 22 of the 
measuring device 16. The measurement detector 36 
receives the second pass or final pass intensity 30 of 
radiation that is refocussed back through the pane 14 by 
the focusing element 32, and the measurement detector 
36 detects the final pass intensity 30. The embodiment 
of the present invention shown in Figures 3, 4, and 5 
can be named a "double-pass" contamination detection 
apparatus, since the radiation generated by the internal 
radiation source 18 passes through the pane 14 twice 
before being detected by the measurement detector 36. 
[0033] A reference detector 38 is positioned adjacent 
or near the internal radiation source 18, and within the 
recessed interior 22, for detecting the source intensity of 
radiation generated by the internal radiation source 18. 
The source intensity 26 of radiation is the absolute out- 
put energy per unit area of the source, and is independ- 
ent of any contamination on the pane 14. In essence, 
the output from the reference detector 38 is used as a 
normalizing value for the output of the measurement 
detector 36, i.e. a ratio scheme is employed. The con- 
tamination detection apparatus 10 output is, thus, 
insensitive to fluctuations in the absolute output energy 
of the internal radiation source 18. Specifically, the 
measurement detector 36 and the reference detector 38 
are both connected to a processor 40. The processor 40 
is provided for comparing the source intensity of radia- 
tion to the final pass intensity of radiation in order to 
detect the amount of contamination exists on the outer 
optical surface 12 of the pane 14. The reference detec- 
tor 38 is also for providing the source intensity 26 of 
radiation to the processor 40 for use in comparing the 
source intensity 26 to the final pass intensity of radiation 
in order to detect the amount of contamination on the 
outer optical surface 12 of the pane 1 4 within the rneas- 
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uring device 1 6. Thus, the processor 40 determines the 
proportional amount of signal loss due to the contami- 
nation on the outer optical surface 12. The processor 40 
can then calculate the amount of correction required to 
correct the" radiation output signal a proportional 
amount in response to the processor 40 determining the 
proportional amount of signal loss due to the contami- 
nation on the outer optical surface 12, Thus, cleaning a 
small amount of contamination on the outer optical sur- 
face 12 may not always be necessary due to the ability 
of the present invention to correct the output signal of 
the device in response to the amount of detected con- 
tamination. However, cleaning the outer optical surface 
1 2 may be preferred in order to insure accuracy. 
[0034] In the embodiment shown in Figure 3, a mirror 
42 is positioned within the recessed interior 22 of the 
measuring device 16 for accepting the source intensity 
26 generated by the internal radiation source 18, and for 
reflecting the source intensity 26 from the exterior 24 of 
the pane 1 4 through the pane 1 4 to the unrecessed inte- 
rior 23 of the pane 14 towards the focusing element 32. 
In both the embodiments shown in Figures 3 and 4, a 
window 44 is positioned between the internal radiation 
source 18 and the pane 14, within a path of the source 
intensity 26, for preventing contaminants from entering 
the recessed interior 22 of the measuring device 16, 
where the measurement and reference detectors 36, 38 
are positioned. This window 44 is significant in, at least, 
two aspects. First, the window 44 adds an extra 
exposed surface. Therefore, the window 44 size and 
location must allow convenient cleaning along with the 
outer optical surface 12 of the pane 14. Second, 
because the window 44 is exposed, the window 44 will 
increase the sensitivity of measuring for contaminants 
that are spread over the entire exposed area of the 
instrument, including both the outer optical surface 12 
and the window 44. In effect, the system becomes a 
"four-pass" probe, because the path of the radiation 
coming from the internal radiation source 18 will pass 
twice through the window 44 and twice through the 
pane 14 before the first measurement detector 36 
detects the strength of the remaining signal. This would 
be undesirable if there is a high likelihood of contami- 
nants reaching the window 44, but not the viewing pane, 
although unlikely due to the two being adjacent one 
another, as shown in the figures. 
[0035] The mirror 42 allows the active elements (the 
measurement and reference detectors 36, 38 and the 
internal radiation source 18) to more easily be placed 
on the clean side of the window 44, and at least, allows 
for reduction in the size of the radiation measuring 
device 16 cross-section. Because the mirror 42, which 
can be a folding mirror, would otherwise be located on 
the exposed side of the pane 1 4. it is desirable to protect 
this mirror 42 with the window 44. The above configura- 
tion of the detection apparatus 10 detects contamina- 
tion on the outer optical surface 12 of the pane 14 
across substantially the full outer optical surface 12. 



[0036] A variable driver can also provide for varying 
the source intensity 26 of radiation of the internal radia- 
tion source 18. Over time, the intensity of the radiation 
given off by the internal radiation source 18 can vary. 
5 Thus, the source intensity 26 of radiation given off by 
the internal radiation source 18 is varied in response to 
the amount of radiation detected by the reference detec- 
tor 38, with the change in the source intensity 26 being 
determined by the processor 40. The varying of the 
w source intensity 26 is performed in order to maintain the 
source intensity 26 of radiation at a substantially con- 
stant intensity. It should be understood that keeping the 
source intensity 26 of radiation at a substantially con- 
stant intensity will allow for a more accurate determina- 
15 tion of the amount of contamination on the outer optical 
surface 12 of the pane 14. 

[0037] A frequency driver 46 can be provided for driv- 
ing the internal radiation source 18 in a substantially 
fixed frequency range. A filter 48 can also be provided 
20 for filtering out portions of the source, first pass, and/or 
second (final) pass intensities 26, 28, 30 of radiation, 
respectively. The filter 48 filters out the portions which 
are outside of the substantially fixed frequency range 
obtained with the use of the frequency driver 46. This 
25 driving and filtering is performed for removing ambient 
radiation, and for providing a more accurate determina- 
tion of the amount of contamination that exists on the 
outer optical surface 12 of the pane 14. 
[0038] Instead of providing a driver 46 to drive the 
30 internal radiation source 18 in a particular frequency or 
wavelength range, the internal radiation source 18 can 
be chosen with characteristics that fall within acceptable 
ranges for frequency and/or wavelength. Thus, the inter- 
nal radiation source 18 chosen will generate radiation 
35 within a first wavelength range. A filter 48 can then be 
used to filter radiation outside of this first wavelength 
range, for removing most ambient radiation. The radia- 
tion detector 27 will then be detecting radiation within 
the first wavelength range, as one of ordinary skill in the 
40 art would appreciate and understand. 

[0039] The driver 46 can be pulsed in order to pulse 
the internal radiation source 18. This pulsing can be 
performed to achieve a more accurate determination of 
contamination on the pane 14. Specifically, Figure 11 
45 shows a graph with the x-axis as time, and the y-axis as 
the amount of radiation emitted by the internal radiation 
source 18. The internal radiation source 18 is pulsed for 
a first time interval 50, and then not pulsed for a second 
time interval 52. An "unpulsed" measurement 56 is 
so taken at approximately the time designated as "56" in 
Figure 11, during the second time interval 52. During 
the second time interval 52, the output of the measure- 
ment and reference detectors 36, 38 represents what- 
ever background light has reached the detector, along 
55 with any electrical offset. The output signals from the 
measurement and reference detectors 36, 38 are sam- 
pled and stored. At the beginning of the first time inter- 
val 50, the internal radiation source 18 is turned on. 
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During the excitation of the internal radiation source 18, 
a "pulsed" measurement 54 is taken at approximately 
the time designated as "54" in Figure 11, with both the 
measurement and reference detectors 36, 38 during 
this first time interval 50. The output from these detec- 5 
tors 36, 38 are sampled and stored. The processor 40 
compares the pulsed measurement 54 to the unpulsed 
measurement 56, taken by the measurement and refer- 
ence detectors 36, 38 in order to detect the amount of 
contamination, if any on the outer optical surface 12 of w 
the pane 14. More specifically, the stored values from 
unpulsed measurement 56 is subtracted from the stored 
values from pulsed measurement 54, effectively cance- 
ling out the influence of any signals present at both of 
these times ("54" and "56"). These background -cor- 15 
rected values are then used in the ratio calculation of 
pane 14 and/or window 44 transmittance. At a later 
time, the entire sequence is repeated, as is generally 
shown in Figure 11. 

[0040] The time elapsed between the unpulsed meas- 20 
urement 56 and the pulsed measurement 54 is prefera- 
bly made to be as short as possible (or as necessary) 
so that typical background signals (fluctuating room 
light, heating and cooling targets, electrical offsets, etc.) 
do not appreciably change their' values over this time 25 
span. The time between cycles needs to be short 
enough to obtain the desired contamination monitoring 
rate, but should be long compared to the time that the 
internal radiation source 18 (I RED) is energized (first 
time interval 50) to lengthen the lifetime of the internal 30 
radiation source 18. Other types of periodic operation 
could be employed as well. The storage, acquisition, 
and ratio calculation of the signals can be performed by 
a variety of analog or digital electronic methods, as well 
as the processing of other signals and information. The 35 
preferred method is the use of a microprocessor to per- 
form the analog -to-digital conversions, ratio calculation, 
timing functions, and other functions. The processor 40 
can be a hard wired circuit, a programmed microcontrol- 
ler, or other equivalent electronic device, as would be 40 
understood by one of ordinary skill in the art. 
[0041] For, at least, the pulsed embodiments of the 
present invention, the internal radiation source 18 is an 
infrared emitting diode (IRED). The IRED preferably can 
be either GaAs (940 nm) or GaAIAs (880 nm) because 45 
of the following: The source wavelength should be as 
near to the operating wavelength of the overall radiation 
measuring device 16 as is practical. Contaminants can 
have different effects upon instruments operating at dif- 
ferent wavelengths. In addition, the preferred detector so 
material is silicon, which is very stable and most sensi- 
tive to this region of the wavelength spectrum. Stability 
of the detector is significant in achieving accuracy of the 
measurement of the amount of contamination. Specifi- 
cally, the preferred detector should be stable to within 55 
1/1 0th of 1 percent error. Inexpensive detectors may be 
obtained having built-in filters that block visible light. 
This reduces interference from ambient lighting found in 



factories and laboratories. IREDs are relatively inexpen- 
sive, readily available in a variety of physical configura- 
tions, and are capable of producing intense output 
beams. 

[0042] For the pulsed embodiment or mode of the 
present invention, with proper attention given to compo- 
nent location, along with the use of visible-blocking 
detector filters (spectral filters), the interference from 
external light sources (including a glowing target) can 
be greatly diminished, as mentioned above. Neverthe- 
less, even very small amounts of background light 
should be avoided to achieve maximum sensitivity and 
linearity. Also, the lifetime of an IRED will be shortened 
by exciting it continuously with large currents, especially 
in environments where the ambient temperature is ele- 
vated. It is, thus, advantageous to operate the internal 
radiation source 18 in a pulsed mode, i.e., excite the 
internal radiation source 1 8 periodically with a large cur- 
rent for a very brief time. 

[0043] Referring also to Figure 5, in a further embod- 
iment of the present invention, the source intensity 26 of 
radiation passes from the unrecessed interior 23 of the 
pane 14 through the pane 14 to the exterior 24 of the 
viewing pane, thereby creating a first pass intensity 28 
of radiation. The focusing element 32 accepts the first 
pass intensity 28 of radiation, and reflects the first pass 
intensity 28 from the exterior 24 of the pane 14 through 
the pane 1 4 to the unrecessed interior 23 of the pane 
14. A second pass intensity 30 of radiation is thereby 
created. For the present embodiment, the second pass 
intensity 30 is the final pass intensity 30. Thus, the 
focusing element 32 can also be positioned on the exte- 
rior of the measuring device 16, and contamination ther- 
eon will detected in the same manner as contamination 
on the outer optical surface 12 of the pane 14, as 
described above. However, in a similar arrangement as 
the window 44 between the mirror 42 and the pane 14 in 
Figure 3, a window 44 can be positioned between the 
pane 14 and the focusing element 32 within a path of 
the first pass intensity 28, as shown in Figure 5, for pre- 
venting contaminants from reaching the focusing ele- 
ment 32. In the embodiment diagrammatically shown in 
Figures 6 and 7, the processor 40 compares the source 
intensity 26 of radiation to the first pass intensity 28 of 
radiation (final pass radiation for these embodiments) in 
order to detect the amount of contamination that exists 
on the outer optical surface 12 of the pane 14 within the 
measuring device 16. Likewise, the processor 40 is pro- 
vided for determining the proportional amount of signal 
loss due to the contamination on the outer optical sur- 
face 12. In response thereto, the processor 40 can then 
calculate the amount of correction required to correct 
the radiation output signal a proportional amount in 
response to the processor 40 determining the propor- 
tional amount of signal loss due to the contamination on 
the outer optical surface 12. Reference to the embodi- 
ments from the other figures, along with reference to the 
detailed description thereof, should be made for an 
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understanding of the remaining features of the embodi- 
ment from Figure 5, 6, and 7 of the present invention. 
[0044] For a better understanding of the present 
invention, the invention will be described as follows. The 
radiation measuring device 16 is capable of generating 5 
a radiation output signal that is representative of radia- 
tion from a target 11. The device 16 has an target meas- 
urement path which includes a optically transmitting 
element 14, such as a pane 14, having an outer optical 
surface 1 2. The path and pane 1 4 define an exterior tar- w 
get radiation chamber 24 and an interior target radiation 
chamber 23. The device 16 also has a first peripheral 
chamber 22a or 22b and a second peripheral chamber 
22b or 22a (depending on how the first peripheral cham- 
ber is defined), both substantially peripheral to the tar- is 
get measurement path. The first peripheral chamber 
22a or 22b is substantially traverse or across, but can 
be shifted, from the second peripheral chamber 22b or 
22a across the target measurement path. The contami- 
nation detection apparatus 10 is for detecting contami- 20 
nation on the outer optical surface 12 and the 
contamination detection apparatus includes an internal 
radiation source 18 positioned within the first peripheral 
chamber 22a or 22b for generating a source intensity 26 
of radiation. The source intensity 26 passes from the 25 
first peripheral chamber 22a or 22b through the pane 14 
to the second peripheral chamber 22b or 22a thereby 
creating a first pass intensity of radiation. The apparatus 
10 further includes a measurement detector 36 posi- 
tioned within the second peripheral chamber 22b or 22a 30 
for receiving the first pass intensity of radiation, and for 
detecting the first (final) pass intensity of radiation in 
order to determine the amount of contamination that 
exists on the outer optical surface 12 of the pane 14. 
[0045] As an alternative, a focusing element 32 can be 35 
positioned within the second peripheral chamber 22b or 
22a for accepting the first pass intensity of radiation, 
and for reflecting the first pass intensity of radiation from 
the second peripheral chamber 22b or 22a back 
through the pane 14 to the first peripheral chamber 22a 40 
or 22b, thereby creating a second pass intensity of radi- 
ation. The measurement detector will then be posi- 
tioned within the first peripheral chamber 22a or 22b for 
receiving the second (final) pass intensity of radiation, in 
order to determine the amount of contamination that 45 
exists on the outer optical surface 12 of the viewing 
pane 14. 

[0046] Referring also to Figures 12 and 13, the 
present invention also includes a sensitivity correction 
apparatus 70. The sensitivity correction apparatus 70 so 
can be used in conjunction with the electromagnetic 
radiation measuring device 16. In addition, the sensitiv- 
ity correction apparatus 70 can be used in conjunction 
with other measuring devices, as would be understood 
by one of ordinary skill in the art. 55 
[0047] In the event of highly localized contamination 
(i.e. - a very small contamination spot), it is desirable 
that the measurement detector 36 not be more sensitive 



to one region of the pane 14 than another region. With- 
out taking steps to avoid this, however, the measure- 
ment detector 36 will surely be "biased" towards the 
closest point on the pane 1 4. The reason for the bias is 
that there is more radiation per area passing through 
the pane 1 4 region nearest the internal radiation source 
18 than in a region of equal area away from the internal 
radiation source 18. This reasoning is based the follow- 
ing: The radiation per area of a beam of radiation from 
an infrared emitter decreases with increasing distance 
from the emitter. In addition, the radiation or light 
impinges upon the pane 1 4 at more of a glancing angle 
at the farther points of the pane 14. while at the closer 
points on the pane 14, the light hits the pane 14 more 
head-on. The amount of radiation that reflects from the 
outer optical surface 12 increases at more glancing inci- 
dent angles, and is therefore not transmitted. Because 
there are two air-glass interfaces at the pane 14, and 
the beam is passed through the pane 14 twice, this phe- 
nomenon occurs four times for the viewing pane based 
on the double-pass arrangement. Furthermore, there 
are inherent non-uniformities in an IRED or LED (inter- 
nal radiation source 1 8) beam, depending on the spread 
angle, distance away from the internal radiation source 
18, and physical construction of the internal radiation 
source 18. These are usually symmetric about the 
mechanical axis of the internal radiation source 18. 
Thus, there are, at least, three reasons for the need of 
sensitivity correction: 1) the beam of light or radiation 
from the LED (internal source 18) is not uniform, 2) the 
angle at which the light or radiation hits the pane 14 
causes a variation in the intensity because the light 
intensity decreases with distance, and 3) the transmis- 
sion through the pane 14 varies with the angle of trans- 
mission. 

[0048] There are several ways to reduce these effects. 
One approach is to first determine the intensity profile 
across the usable pane 14 area, and then to construct 
an optical element whose transmittance varies across 
its surface such that, when placed into the optical path, 
it strongly reduces the amount of light that reaches the 
more sensitive pane 14 regions, while only weakly 
reducing the light/radiation that reaches the insensitive 
pane 14 regions. In other words, construct a correction 
mask that "undoes" the non-uniformity caused by all 
other factors. 

[0049] Within the electromagnetic radiation measuring 
device 16 shown in Figure 4. the internal radiation 
source 18 creates a path of radiation 26 having a vary- 
ing intensity across the outer optical surface 12 of the 
pane 1 4. Specifically, the radiation path 26 in Figure 4 is 
shown with two rays which intersect the outer optical 
surface 12 at a first intersection point 72 and a second 
intersection point 74. The distance between the internal 
radiation source 18 and the first intersection point 72 
(distance A) is less than the distance between the inter- 
nal radiation source 18 and the second intersection 
point 74 (distance B). Thus, the intensity of the radiation 
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from the internal radiation source 1 8 at the first intersec- 
tion point 72 is less than the intensity of the radiation 
from the internal radiation source 18 at the second inter- 
section point 74. The sensitivity correction apparatus 70 
is provided to correct for this varying intensity, and for 
creating approximately equal sensitivity to across the 
pane 14 and/or window 44. As shown in Figure 13, the 
sensitivity correction apparatus 70 includes a correction 
mask 76 having a plurality of strip spaces 78 and a plu- 
rality of transmittance strips 80. Layers of transmittance 
strips 80 are placed in the strip spaces 78 according to 
the distance between the internal radiation source 18 
and each strip space 78 in order to reduce the intensity 
of the beam for each strip 80 when the beam passes 
through the strips within the mask 76. The strips 80 can 
be made of an optical material that transmits 90% of the 
radiation that reaches one surface thereof and passes 
through the opposite surface. For the near-infrared radi- 
ation discussed herein, a good choice might be very thin 
sheets of a polycarbonate material. Within Figure 13, 
the internal radiation source 18 is positioned along an 
axis extending from a first reference point 82 perpendic- 
ular to the plane of the correction mask 76. Thus, the 
correction mask 76 shown in Figure 13 has four (4) 
strips 80, or four (4) layers of strips 80, placed within 
each strip space 78 for the strip spaces 78 that are clos- 
est in distance to the internal radiation source 18. Like- 
wise, the correction mask 76 shown in Figure 13 has 
zero (0) strips 80, or zero (0) layers of strips 80, placed 
within each strip space 78 for the strip spaces 78 that 
are farthest in distance from the internal radiation 
source 18. The number of strips 80 within the other strip 
spaces in Figure 13 corresponds to the relative distance 
between those strip spaces 78 and the internal radiation 
source 18, as can be understood with reference to this 
Figure. Each of the transmittance strips 80 reduce the 
intensity of a beam of radiation when the beam passes 
therethrough. 

[0050] With reference to Figure 1 2, without the use of 
the correction mask 76, an uncorrected profile 84 is cre- 
ated with sensitivity variation being measured along the 
y-axis and the position across the pane 14 being meas- 
ured along the x-axis. Without corrective action (marked 
by x's), the figure suggests that there may be a 4 to 1 
difference in the sensitivity of the system to equal con- 
tamination of the two extreme pane 14 regions for the 
specific setup mentioned below. The intensity profile is 
shown along an asymmetric direction (vertically along 
the viewing pane in Figures 3 and 4, in the plane of the 
optic axis of the system) of a 1 .5 inch diameter viewing 
pane. The beam spread variation is modeled from 
actual data taken of an I RED internal radiation source 
18 beam profile. The reflection loss is calculated 
assuming two passes through a pane 14 material of 
Calcium Fluoride. The plot takes both effects into 
account. Figure 12 also shows a corrected profile 86 
which shows the sensitivity variation with respect to dis- 
tance from the internal radiation source 18, only with the 
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use of the correction mask 76. As shown in Figure 12, 
the corrected profile 86 shows that the sensitivity varia- 
tion is significantly reduced for the strip spaces 78 which 
are further away from the internal radiation source 18. 

5 Thus, by incrementally increasing the number of strips 
80 for strip spaces that transmit more light, the cor : 
rected profile 86 for sensitivity variation is substantially 
leveled off. The effect of the use of the correction mask 
76 for the radiation measuring device 16 is that contam- 

w ination on the outer optical surface 12 at any point on 
the pane 1 4 can be detected with substantially the same 
sensitivity as at any other point on the surface 12. The 
correction mask, therefore, allows for significantly 
improved detection of the contamination on the outer 

75 optical surface 12. 

[0051] In addition, when the correction mask 76 is 
used in conjunction with the radiation measuring device 
16, since the beams of radiation pass through the pane 
1 4 more than once, the beams of radiation will also pass 

20 through the correction mask 76 and the strips 80 more 
than once. The passing of the beams of radiation more 
than once will increase the intensity reduction of the 
beam from the strips 80. Likewise, the beams of radia- 
tion passing through the strips 80 more than twice will 

25 further increase the intensity reduction of the beams. 
[0052] The correction mask 76 does not have to be 
positioned, however, at the outer optical surface 12. In 
fact, the location of this mask 76 that makes its fabrica- 
tion easiest is at the reflective surface 34 of the focusing 

30 element 32. The reflective surface 34 is where the beam 
is largest and is the point where the incoming and out- 
going beams are not displaced from one another. 
[0053] Another embodiment of the present invention 
can include a correction mask 76 which has a continu- 
es ously varying thickness, instead of the use of strips, 
which each have a substantially constant thickness. In 
essence, as the number of strip spaces 78 increase for 
the same area (smaller strip spaces 78), the closer the 
thickness of the correction mask 76 gets to a continu- 

40 ously varying thickness. Thus, similar to the use of 
strips 80 and strip spaces 78, the thickness of each 
point on this further embodiment of the correction mask 
76 is determined according to the distance between the 
internal radiation source 18 and each point on the 

45 mask, in order to reduce the intensity of the beam for 
that point when the beam passes through the correction 
mask 76. As can be understood with reference to Figure 
12, the corrected profile 86 will look closer to a horizon- 
tal line with the use of a continuously varying thickness 

so for the correction mask 76. Theoretically, an optical ele- 
ment can be fabricated having a continuously variable 
transmittance that could make the intensity profile a per- 
fectly flat line. However, this is an expensive proposition, 
and could not be perfectly implemented on every manu- 

55 factured system, due to normal variations in manufac- 
turing, and due to the experimental nature of the 
correction mask creation. Thus, the inexpensive and 
easily varied alternative is to approximate the perfect 
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transmittance profile of the ideal correction mask with a 
piece-wise mask consisting of multiple steps of trans- 
mittance, such as the strip 80 and strip space 78 
embodiment described above, an to test and vary the 
mask until commercially acceptable. In either embodi- 5 
ment, the presence of contamination is detectable to the 
degree that a 1% change in the transmittance of the 
contaminable surface or viewing pane is detectable. 
[0054] It should be understood that a varying thick- 
ness of the mask 76 is not required for the practice of w 
the present invention. Specifically, in the system for cor- 
recting the level of radiation from the internal radiation 
source 18 reaching the measurement detector 36 in 
order to account for unequal transmission of radiation 
through a pane 1 4 between the internal radiation source 75 
18 and the measurement detector 36, the system can 
inciude a correction mask 76 having a varying radiation 
reduction gradient. The mask 76 reduces the intensity 
of shs radiation when the radiation passes therethrough, 
arc: the radiation reduction gradient of each point on the 20 
mask 76 can be determined according to the amount of 
transmission at each point on the mask to reduce the 
intensity of the radiation for that point when the radiation 
passes through the mask 76. The mask 76 can, thus, be 
substantially the same thickness across the width and 25 
length thereof, and the composition of the material used 
for the mask material can be varied, thereby creating an 
increasing reduction in radiation or radiation reduction 
gradient for radiation passing through the pane 1 4 when 
moving across the mask, while starting at the point of 30 
least reduction. 

[0055] An arithmetic division operation is performed 
by the processor 40 on the signals. Specifically, the 
numerator of the division operation is the output signal 
of the measurement detector 36 which collects the radi- 35 2. 
ation passing through the pane 14. The denominator of 
the division operation is the output signal of the refer- 
ence detector 38 which collects a portion of the direct 
radiation from the internal radiation source 18. A light 
barrier 29 can also be located between the internal radi- 40 
ation source 18 and the measurement detector 36 
intended to collect radiation passing through the pane 
14. 

[0056] In an even further embodiment of the present 
invention, the measurement detector 36' also functions 45 
as a target detector 27 for detecting the amount of radi- 
ation being given off by the target 11. Within this 
embodiment, a separate measurement detector from 
the target detector 27 is not necessary, as can be 
understood from the above description. so 
[0057] While the specific embodiments have been 
illustrated and described, numerous modifications come 
to mind without significantly departing from the spirit of 
the invention and the scope of protection is only limited 
by the scope of the accompanying Claims. 55 



Claims 

1 . A contamination detection apparatus (1 0) for meas- 
uring an amount of contamination on an optically 
transmitting element (14) which transmits electro- 
magnetic radiation therethrough, the contamination 
detection apparatus (10) comprising: 

a contamination detection (CD) radiation 
source (18) for providing a source intensity (26) 
of radiation passing through the optically trans- 
mitting element (14) at least once; 

a reference detector (38) for detecting the 
source intensity (26) of radiation, the reference 
detector (38) having a reference output level 
that is representative of the source intensity 
(26); 

a measurement detector (36) for detecting a 
final pass intensity (30) of the radiation pro- 
vided by the CD radiation source (18) after the 
radiation provided by the CD radiation source 
(18) has passed through the optically transmit- 
ting element (14), the measurement detector 
(36) having a measurement output level that is 
representative of the final pass intensity (30); 
and 

means for comparing the measurement output 
level with the reference output level in order to 
detect the amount of contamination on the opti- 
cally transmitting element (1 4). 

A contamination detection apparatus (10) for an 
electromagnetic radiation measuring device (16), 
the electromagnetic radiation measuring device 
(16) measuring the intensity of electromagnetic 
radiation from a target (11), having an optically 
transmitting element (14) for transmitting the elec- 
tromagnetic radiation from the target^ 1), and hav- 
ing a target detector (27) for detecting the 
electromagnetic radiation from the target (11), the 
target detector (27) having a target output level that 
is representative of an intensity of the electromag- 
netic radiation from the target (1 1), the contamina- 
tion detection apparatus comprising: 

a contamination detection (CD) radiation 
source (1 8) for providing a source intensity (26) 
of radiation passing through the optically trans- 
mitting element (14) at least once; 

a measurement detector (36) for detecting a 
final pass intensity (30) of the radiation pro- 
vided by the CD radiation source (18) after the 
radiation provided by the CD radiation source 
(18) has passed through the optically transmit- 
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ting element (14), the measurement detector 
(36) having a measurement output level that is 
representative of the final pass intensity (30); 

a baffle for preventing radiation provided by the s 
CD radiation source (18) from affecting the tar- 
get detector (27); and 

means for comparing the measurement output 
level with a reference level that represents the 10 
amount of radiation from the contamination 
detection (CD) radiation source (18), in order to 
determine an amount of contamination on the 
optically transmitting element (14), wherein the 
contamination detection apparatus (10) is is 
capable of operating simultaneously with the 
measurement of the intensity of the electro- 
magnetic radiation from the target (11). 

3. A contamination detection apparatus (10) for an 20 
electromagnetic radiation measuring device (16), 
the electromagnetic radiation measuring device 
(16) measuring an intensity of electromagnetic radi- 
ation from a target (11) and having an optically 
transmitting element (14) for transmitting the elec- 25 
tromagnetic radiation from the target (1 1), the con- 
tamination detection apparatus (10) comprising: 

a contamination detection (CD) radiation 
source (18) for providing a source intensity (26) 30 
of radiation passing through the optically trans- 
mitting element (14) at least once; 

means for modulating the CD radiation source 
(1 8) in order to discriminate between the radia- 35 
tion from the target (11) and the radiation from 
the CD radiation source (18); 

a measurement detector (36) for detecting a 
final pass intensity (30) of the radiation pro- 40 
vided by the CD radiation source (18) after the 
radiation provided by the CD radiation source 
(18) has passed through the optically transmit- 
ting element (14), the measurement detector 
(36) having a measurement output level that is 45 
representative of the final pass intensity (30); 

. a filter (48) portion operating in conjunction 
with the modulating means, for discriminating 
between the radiation from the target (1 1) and so 
the radiation from the CD radiation source (18); 
and 

means for comparing the measurement output 
level with a reference level that represents the ss 
amount of radiation from the contamination 
detection (CD) radiation source (18), in order to 
determine the amount of contamination on the 
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optically transmitting element (14), wherein the 
contamination detection apparatus (10) is 
capable of operating simultaneously with 
measurement of the intensity of the electro- 
magnetic radiation from the target (11). 

4. The contamination detection apparatus (10) of 
Claim 1 wherein the contamination detection appa- 
ratus is provided for an electromagnetic radiation 
measuring device (16), the electromagnetic radia- 
tion measuring device (16) measuring the intensity 
of electromagnetic radiation from a target (11), and 
wherein the optically transmitting element (14) 
transmits the electromagnetic radiation from the 
target (11). 

5. The contamination detection apparatus (10) of 
Claim 4 wherein the measurement detector (36) is 
a target detector (27) for detecting the electromag- 
netic radiation from the target (1 1). 

6. The contamination detection apparatus (10) of 
Claims 1 ,4 or 5 wherein the reference output level is 
used to create an operational threshold level which 
is correspondingly adjusted in response to changes 
in the reference output level, the operational thresh- 
old level being used to determine whether the 
amount of contamination on the optically transmit- 
ting element (14) is acceptable. 

7. The contamination detection apparatus (10) of 
Claims 1 to 5 wherein comparing the measurement 
output level with the reference output level includes 
dividing the measurement output level by the refer- 
ence output level in order to detect the amount of 
contamination on the optically transmitting element 
(14). 

8. The contamination detection apparatus (10) of 
Claims 1 to 5 wherein comparing the measurement 
output level with the reference output level includes 
dividing the reference output level by the measure- 
ment output level in order to detect the amount of 
contamination on the optically transmitting element 
(14). 

9. The contamination detection apparatus (10) of 
Claims 1 to 5 further comprising: 

a radiation controller for controlling the radia- 
tion provided by the CD radiation source (18) in 
response to the reference output level in order 
to maintain the reference output level at a sub- 
stantially constant level. 

10. The contamination detection apparatus (10) of 
. Claims 1 ,4 or 5 further comprising: 
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means for modulating the CD radiation source 
(1 8) in order to discriminate between any ambi- 
ent or other radiation passing through the opti- 
cally transmitting element (14) and the 
radiation from the CD radiation source (18). 

11. The contamination detection apparatus (10) of 
Claims 1 to 5 further comprising: 

a focusing element (32) that is capable of 
focusing radiation, wherein the CD radiation 
source (18) provides a wide beam of radiation, 
and wherein the focusing element (32) focuses 
the radiation to a small spot on the measure- 
ment detector (36) in order to detect contami- 
nation across substantially the entire optically 
transmitting element (14). 

12. The contamination detection apparatus (10) of 
Claims 1 to 5 further comprising: 

a sensitivity correction mask (70) adjacent to 
the optically transmitting element (14) for pro- 
viding uniformity of detection sensitivity across 
the optically transmitting element (14) by cor- 
recting non-uniformity of the radiation passing 
through the optically transmitting element (14). 

13. The contamination detection apparatus (10) of 
Claims 2 and 5, further comprising: 

a target detector filter (48) for filtering out por- 
tions of the radiation provided by the CD radia- 
tion source (18) where the target detector (27) 
is responsive to radiation, and for causing the 
target detector (27) to be non-responsive to the 
radiation provided by the CD radiation source 
(18), in order to reduce the effect of the radia- 
tion provided by the CD radiation source (18) 
on the detection of radiation from the target 
(1 1) by the target detector (27). 

14. The contamination detection apparatus of Claim 2 
wherein an operational threshold level is provided 
for determining whether the amount of contamina- 
tion on the optically transmitting element (14) is 
acceptable, the operational threshold level being 
adjusted in response to known changes in the refer- 
ence level. 

15. The contamination detection apparatus of Claim 2, 
further comprising: 
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changes in the reference level. 

16. The contamination detection apparatus (10) of 
Claim 3 wherein the measurement detector is also 
used as a target detector (27) for detecting the elec- 
tromagnetic radiation from the target (11), the tar- 
get detector having a target output level that is 
representative of the intensity of the electromag- 
netic radiation from the target (11). 

17. The contamination detection apparatus (10) of 
Claims 3 and 16 wherein the comparison means 
includes an operational threshold level which is cor- 
respondingly adjusted in response to known 
changes in the reference level. 

18. The contamination detection apparatus (10) of 
Claim 16 further comprising: 

a target filter (48) for filtering out portions of a 
target signal that represent the target output 
level, the target filter filtering out portions of the 
target signal that are related to the radiation 
provided by the CD radiation source (18). 



19. The contamination detection apparatus (10) 
Claim 1 6, further comprising: 
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a source filter (48) for filtering out portions of 
the radiation provided by the CD radiation 
source (18) where the target detector (27) is 
/esponsive to radiation, wherein the target 
detector (27) is non-responsive to the radiation 
provided by the CD radiation source (18), in 
order to reduce the effect of the radiation pro- 
vided by the CD radiation source (18) on the 
detection of radiation from the target (1 1) by 
the target detector (27). 

20. The contamination detection apparatus (10) of 
Claims 13 or 16, further comprising: 

a reference detector (38) for detecting the radi- 
ation provided by the CD radiation source (18), 
wherein the comparison means includes an 
operational threshold level which is corre- 
spondingly adjusted in response to changes in 
the reference level. 
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a reference detector (38) for detecting the radi- 
ation provided by the CD radiation source (18), 
the reference level being provided by the refer- 
ence detector (38), wherein an operational 
threshold level is adjusted in response to 
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(54) Window contamination detector 

(57) A contamination detection apparatus (10) is 
provided for measuring an amount of contamination on 
an optically transmitting element (14) or pane. The opti- 
cally transmitting element (1 4) is capable of transmitting 
electromagnetic radiation. The contamination detection 
apparatus (10) includes a contamination detection (CD) 
radiation source (18) for providing a source intensity 
(26) of radiation. The source intensity (26) or radiation 
passes (28,30) through the optically transmitting ele- 
ment (14) at least one time. A reference detector (38) is 
also provided for detecting the source intensity (26) of 
radiation, and the reference detector (38) has a refer- 
ence output level that is representative of the source 
intensity (26). 

A measurement detector (36) is further provided for 
detecting a final pass intensity (30) of the radiation pro- 
vided by the CD radiation source (18) after the radiation 
provided by the CD radiation source (18) has passed 
through the optically transmitting element (4). The 
measurement detector (36) has a measurement output 
level that is representative of the final pass intensity 
(30). A comparator is also provided for comparing the 
measurement output level with reference output level in 
order to detect the amount of contamination on the opti- 
cally transmitting element (14). The comparator can 
take several forms, such as a microprocessor or other 
processing device. In one specific embodiment of the 



present invention, the measurement detector (36) is a 
target detector (27) for detecting the electromagnetic 
radiation from a target (11) within an electromagnetic 
radiation measuring device (16). The electromagnetic 
radiation measuring device (16) measures the intensity 
of electromagnetic radiation from the target (11), and 
the optically transmitting element (14) transmits the 
electromagnetic radiation from the target (1 1) to the tar- 
get detector (27). 

A sensitivity correction apparatus (70) is also pro- 
vided for the electromagnetic radiation measuring 
device (16), and the artificial radiation source creates a 
path of radiation having a varying intensity, wherein the 
viewing pane permits radiation from the path of radia- 
tion to pass therethrough. The sensitivity correction 
apparatus (70) includes a correction mask (76) having a 
plurality of strip spaces and a plurality of transmittance 
strips (80). Each of the strips reduce the intensity of the 
beam when the beam passes therethrough, and the 
strips are placed in the strip spaces according to the 
distance between the radiation source and each strip 
space to reduce the intensity of the beam for that strip 
when the beam passes through the strips within the 
mask. 
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